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Abstract 


Recently the ElectroMagnetic Compatibility (EMC) of the TEA 1060-family, speech/transmission circuits, 
have been investigated again. If a few components are placed at the right spots the TEA 1060 circuits reach 
a good performance. This report describes the measures which can be taken without influencing the basic 


functioning of the IC. 
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Summary 


Electromagnetic compatibility (EMC) has become an important issue for 
electronic telephone sets since more and more PTTs come up with EMC- 
requirements. In 1986 an external report ETT 8613 was issued about the EMC 
for our TEA 1068 speech transmission circuit. The report contained some 
application and PCB layout hints. The information needed to be updated 
since it had shown to be inadequate for all our customer applications with 
the topical requirements. 


The study was extended for the entire family TEA 1060/61/67/68 and better 
solutions were found which have shown their validity in many customer 
applications. 

For immunity testing the current injection method is used according the 
German requirements, VDE 0878 part 200 (draft 1986), which can also be found 
in the draft IEC publication 801/6 "Conducted immunity requirements". 


The outcome of the investigations shows that by adding a few components at 
the right places, the TEA 1060-applications satisfy the EMC-requirements. 
The influence of these components on the functioning of the IC are not 
always negligible and are discussed in this report. 

Other not allowed solutions, found in several customer applications, are 
listed too. 
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1. Introduction 


Many of todays electronic apparatus have to be used in a RF-signal polluted 
environment. The number of wireless communication paths has increased quite 
rapidly for various applications e.g. : national broadcasting for radio and 
television, citizen band, short-wave communication, beacons, Radio amateurs, 
and cellular telephone. They cover the frequency spectrum from 10 kHz up to 
1 GHz and above. 


The transmitted energy of such devices may be quite large or the distance 
between the RF-source and other equipment may be quite small and may become 
a source of interference to other kinds of apparatus such as a common 
electronic telephone set. 


Many Postoffices and/or National Authorities have defined requirements with 
respect to the functional specifications of the telephone sets. With respect 
to EMC ( ElectroMagnetic Compatibility ) no common European or International 
specification exists (yet) and the individual standards does not make it 
much easier. 


The existing immunity test methods can be divided in three main groups: 
- differential mode current injection, 
- electromagnetic field generated by a strip-line ( TEM-cell ), 
- common mode current injection, 
and commonly cover the frequency range from 10 kHz up to 150 ( 200 ) MHz. 


A test method is incomplete without defining the limits with respect to the 
demodulated signal towards the a,b-lines or the earpiece capsule to which 
the demodulation becomes discernable. Here again the methods can be divided 
in two main groups: 

- acoustic measurements ( measuring SPL or dBPa ) or 

electrical measurements across the earpiece capsule, 

- electrical measurements on the a,b-lines 
and the required S/I-ratio ( signal-to-interference ratio ) may vary between 
26 - 40 dB. The nominal signal (send and/or receive) level at 1 kHz is set 
at 100 mV across the telephone line impedance, ~ 600 9. 


In order to satisfy the most stringent requirements, the German proposal was 
adopted to verify the immunity performance of our TEA 1060 applications. 


2. Immunity test system 


The printed circuit boards on which the speech transmission ICs are used in 
their applications are commonly small compared to the wavelengths of the 
applied interference signals ( frequency < 300 MHz + X > 1 meter ). The 
traces on the printed circuit board should be kept small ( < 1/10 ) compared 
to this wavelength to ensure that direct pick-up will be negligible. 

In this situation the only part of the telephone set capable of acting as an 
antenna in order to receive a part of the interference signal will be the 
leads towards the public telephone network on one hand and the leads towards 
the handset on the other. 


When the telephone set is placed in a strip-line (or TEM-cell), the RF- 
induced signal will be highly sensitive to the geometry of these leads, 
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while during the current injection test these geometric constraints are 
excluded. 


2.1. ElectroMagnetic field 


With a parallel strip-line a plane-wave electromagnetic field is generated 
between the two (or three) flat conductors being the transmission line. The 
generated electric fieldstrength is equal to the voltage between the 
conductors divided by the distance between them. 


The telephone set with its handset and its leads to the public telephone 
network receive this RF-field. The induced signal at low frequencies will be 
low due to the un-efficiency of the "antenna" (lead length) which is 

present between the two planes. At higher frequencies the value of the 
induced signal will show resonances due to the geometry of the set-up 
between the planes. Furthermore, the resonant frequencies will vary with the 
geometry and within a reasonable test sequence no "worst-case" response can 
be found. 


2.2. Current injection 


As explained above, the test set-up geometry may have a large impact on the 
results obtained and for reproduceability sake these kind of tests should be 
avoided. 

With the current injection method the interfering signal is directly applied 
to the telephone set as a common-mode signal. The common-mode impedance of 
the source is chosen to be an "average" of 150 9 [1]. 

Therefore, coupling networks ( CI-networks ) have to be placed between the 
50 Q RF-generator and the telephone set under test. The telephone set with 
the handset are placed on a non-metallic support of 100 mm height above a 
metallic reference plane on which the coupling networks are mounted. The 
lead length of the a,b-lines, between the public telephone coupling network, 
known as T-network, and the telephone set, should be limited to 300 mm. This 
to avoid resonances due to the geometry (lead length) of the test set-up. 
The handset should be wrapped in copper foil and this should be connected to 
reference by a series-impedance of 500 2 + 200 pF, known as the artificial 
hand [2]. 





Auxiliary 
Equipm. 2 


\AAAA\A\\ REFERENCE \\\\\\\\\T AAA 


50 Q termination 







AWWA 7 









Test voltage 
generator acc. 
to e.g. VDE 878 






Figure 1. Schematic set-up for the current injection test. 
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The RF-signal is an amplitude modulated signal. The modulation depth is 80 $% 
and the modulating frequency is 1 kHz. 


By forcing the RF-current to flow through that telephone set under test, the 
direct immunity is tested as well as the immunity to RF-fields due to the 
re-radiation caused by that current. 


Measurements have shown that sets complying with the current 
injection method at normal RF-signal levels indicated in table 1, 
column "normal" gave an immunity to EM-fields, under the same S/I- 
criteria, of 10 Volt/meter and higher. 


Frequency range Applied voltage 
MHz normal enhanced 
L : : 


.Ol- . 
. 1-30 
30-150 





Table 1. The RF-signal levels that have to be applied to the telephone set 
under test. 


3. Measures to improve the basic EMC performance (M1 


This section discusses the measures to improve the EMC performance of the 
speech and transmission ICs and the effect of the extra EMC components on 
the basic functioning of the TEA 1060-applications as described in report 
ETT 8613. The five capacitors at IR, MIC, LN and Vcc have improved the 
application quite a bit, but according to the more stringent requirements 
other necessary measures needed to be taken. The immunity performance of the 
TEA 1060 applications with respect to the basic EMC measures, see annex 1, 
with this current injection method and normal RF-levels which are used 
throughout this evaluation, is given in annex 2a); detection on the a,b- 
lines, and 2b); detection at the earpiece side. 


First the measures at the microphone input, the earpiece output pins and the 
connection to the a,b-lines are discussed. The measures to improve immunity 
are given in annex 3, and the EMC-performance is given in annex 4a, 
detection on the a,b-lines, 4b, detection at the earpiece side. 


3.1. Practical implementation 


The RF-signals are mainly picked up by the leads connected to the telephone 
base set, see figure 2. The easiest way to overcome unwanted demodulation is 
to let the RF-induced current flow through an extra conductor instead of 
through the reference of the telephone circuitry. 

Care must be taken that the re-radiation of the RF-currents through this 
extra conductor will not be picked up by the telephone circuitry again. 
Therefore an open space must be made between the circuitry and this 
conductor to reduce mutual coupling between the two. No long wires, which 
run over the PCB may be used for this connection !! 
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Figure 2. RF-current flow through the telephone application according to 
the chosen test method. 
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Telephone 


application 

containing 

TEA 1060 
speech 


transmission 





short extra conductor commonly connected to Vp *) 


*) If other peripherals of the application are used, the same 
network must be continued. 


Figure 3. The modified circuit to improve the immunity of Telephone sets 
containing TEA 1060-family speech transmission IC (see also 


annex 3 and 5). 


The effect of these measures on functionality will be discusséd in the next 
paragraphs. 


3.1.1. Microphone inputs: 





To prevent demodulation of the RF-injected signals in the microphone stage 
extra filters at the input must be applied: 


1kQ 
Mict+ 
Se 
een 10n 
capsule 
connection 
4 On] [4n7 
— sien 
1kQ 
Figure 4. "Extra filtering at microphone inputs" 


The 10nF capacitors decouple the RF-signal entering via the handset cord. 
The RF-signal which is then still present is filtered by means of the 1kQ 
resistors and 4n7 capacitors. 
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cut-off frequency: 33.86kHz 


As regards frequency dependence the extra filter does not have a noticeable 
influence on sending gain for frequencies between 300 and 3400Hz. 


However, since the input impedance of the microphone amplifier is not 
infinite attenuation occurs. And due to the fact that the input impedance 
has a certain tolerance the attenuation shows a tolerance also. This means 
extra tolerance on the gain setting occurs! 

In table 2, the attenuation, impedance and their tolerance are shown for 
several types of the TEA 1060 family: 


minimum typical maximum 


TEA 1060 input impedance: ee 4.1 4.9 kQ 
Attenuation with 1kQ: -2.30 -1.90 -1.61 dB 
extra tolerance: -0,.29 +0.40 dB 
TEA 1061 input impedance: 16.5 20.4 24.3 kQ 
Attenuation with 1ka: 0.51 0.42 0.35 dB 
extra tolerance: -0.10 +0.07 dB 
TEA 1067/68 input impedance: 25.55 32.0 38.5 kQ 
Attenuation with 1kna: 0.33 0.27 0.22 dB 
extra tolerance: -0.05 +0.06 dB 


Table 2. Gain and impedance tolerances due to the RF-immunity measures 


The extra tolerance on the sending gain for TEA 1061/67/68 of less then 0.1 
dB seems acceptable, but for the TEA 1060 the extra tolerance is rather 
high. With a 1800 resistor (increase 4n7 to 27n for same cut off frequency) 
instead of the 1kQ for the TEA 1060 the extra tolerance on sending gain is 
less then 0.1 dB which is in line with the rest of the family. 


3.1.2. Earpiece outputs 


For the earpiece outputs also filtering is applied to prevent RF-signals to 
enter the internal TEA 1060 circuitry: 


220 
a = OE 
; a= = See 
earpiece 10n 
capsule 
connection Vee 
+ 10n] 
at noe 
222 
Figure 5. "Extra filtering at earpiece outputs” 


The 10nF capacitors first decouple the handset cord. The 222 resistors 
attenuate the RF-signal which is still left. Since demodulation in a non 
linear device as a transistor has a quadratic relationship with the applied 
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level, only little RF-attenuation will improve a lot. 


The filter from Qr to the earpiece has no influence on speech signals 
between 300-3400Hz, cut-off frequency: 723kHz. 


The disadvantage of the extra components for LF: 


1. Receiving gain decreases 
2. Maximum output level decreases 


The actual influence is dependent on the impedance of the earpiece. 


Example: 
Influence gain + max output level: (ignore small change Qr+ level for max 
output) 


1502 single ended: -1.19 dB 
450Q bridge tied load: -0.81 dB 


The effect on gain can easily be compensated (increase resistor between Qr+ 
and GAR in basic application) but the effect on maximum output level will 
remain. 


3.1.3. Telephone line: 


In front of the diode bridge 2 extra decoupling capacitors are desired to 
prevent RF-signals to enter the TEA 1060 (see figure). 

For the application this means care has to be taken with Balance return 
loss. With a 6009 set impedance still more than 20dB of BRL (balance return 
loss) can be reached if 10nF is present at the line. 

Since the two 4n7 capacitors form a load at the line of only 2n35 still 
1-6n8 can be connected to pin LN of the TEA 1060 after the diode bridge. 


The coil after the diode bridge will form a high impedance at high 
frequencies forcing decoupling via the line capacitors rather than through 
the TEA 1060. 

For audio frequencies the influence of the coil can be neglected, but its 
low frequency series resistance should be as low as possible! 








telephone 4n7 

line LN 
connection VEE 
4n7 
+ 
B/A 
VEE 
Figure 6. "Extra filtering at a,b-lines" 
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3.2. Conclusions 
The following measures to improve the RF-immunity can be taken without 
influencing the TEA 1060-family functioning too muchon the common 
application board CAB 3391, see annex 7: 
Microphone inputs: 

- Microphone cord decoupling: 2 x 10nF 

- Series resistors : 2 x 18009 (TEA 1060 only), 2 x 1k (rest) 
- Mic. inputs decoupling : 2 x 27 nF (TEA 1060), 2 x 4.7nF (rest) 


Receiver outputs: 


- Earpiece series resistors: 2 x 229 
- Earpiece cord decoupling : 2 x 10nF 


Telephone line: 
- Telephone line decoupling in front of diode bridge: 2 x 4n7 


- Series inductor after diode bridge : 1 x 22yH 
- reduction of Cry from 10 nF to : 1x 5n6 
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4. Measures to reach enhanced immunit M2 


Some problems remain with respect to the internal reference (SLPE) which is 
used inside the speech transmission IC. The transmission stage of the TEA 
1060 may demodulate the RF-signal into a 1 kHz base band signal which can 
be measured on the a,b-lines. The side-tone network couples this signal to 
the input of the receiving amplifier. This signal then, becomes audible at 
the earpiece side. 


4.1. Output stage: 


The EMC measures which have to be taken at the output stage need to be 
chosen properly because the output stage can become instable. 


reg 


GAS1 





Figure 7. Transmission stage of the TEA 1060 

From this network the ranges for the values of the capacitances at the pins: 
SLPE, GAS1, GAS2 and LN have been optimised to improve the RF-immunity 
without affecting the stability of the circuit. 


Optimal selection of the capacitors: 


* Cg = 100pF minimum, larger values can be used for High Frequency roll- 
off of the transmission amplifier. 


“* Co, = 100pF maximum for all possible applications. 


(R7 + Rg) .C¢ 


typ. Coy << 
Rq 


* Cy, = 1 to 10nF, larger values are not practical with respect to the BRL! 


* Co3 = 220pF maximum. 
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4.2. Conclusion 

The immunity of the TEA 1060-family can be further improved by adding 2 
capacitors; Co, = 100 pF, Co3 = 220 pF, see annex 5. The results on the 
immunity can be found in annex 6a, for the detection on the a,b-lines and 
6b, for the detection at the earpiece side. 

5. Other measures 


5.1. Do: 


* Apply series resistors (> 1 kQ) with the DTMF, PD, MUTE lines between the 
dialer or uP and the speech transmission IC. 


* Place Roypr, Rotag as close as possible to the TEA 1060 
* Place Cprc, Crp, Cyzcs and Cyy as close as possible to the TEA 1060 


* Make a ground loop around the TEA 1060 but avoid other then functional 
currents to run through this loop! 


5.2. Don’t: 
* Connect large circuit parts to SLPE without decoupling capacitor Cg 


* Decouple e.g. LN or IR at several reference points on your PCB without 
any series impedances. It will cause resonances with the copper trace 
inductances with high Q-factors. 


* Apply a capacitor in parallel to Roan. It will lower the phase margin at 
lower frequencies (1-5 MHz). 


6. Conclusion 


The final result of the measures partly depends on the remaining part of the 
circuitry connected to the TEA 1060. This because the performance of the IC 
has been tested mainly on its application board, while commonly other 
circuit parts will highly influence the RF-current distribution throughout 
the telephone set. 


With the above described measures it is possible to create a telephone set 
application which will give at least a S/I-ratio of 26 to 40 dB both at the 
a,b-lines and at the earpiece-side in the entire frequency range 100 kHz up 
to 150 MHz under "normal" RF-severity levels. 


Reproduceability of the results obtained from the test set-up which is 
further explained in VDE 0878 [3] has shown to be within a few dBs (< 3). 
7. References 

{1.] IEC CISPR publication 20, 


[2.] IEC CISPR publication 16, 
[3.] VDE 0878 part 1 and 200, 1987. 
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Annex 1 TEA 1060 application with ‘basic 
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b) detection at earpiece side. 


Annex 2 EMC performance of basic application. 
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Annex 3. TEA 1060 application with ‘improved’ EMC (Ml) performance 
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b) detection at earpiece side. 


Annex 4 EMC performance of improved application. 
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a) detection on a,b-lines 





b) detection at earpiece side. 


Annex 6 EMC performance of enhanced application. 
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Annex 7 Layout of the TEA 1060 application board CAB 3391. 
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Philips Markaz, M.A. Jinnah Rd., KARACHI-3, Tel. (021)7257 72. 

Peru: CADESA, Av. Pardo y Aliaga No. 695, 6th Floor, San Isidro, 
LIMA 100, PO. Box 5612, Tel. (014) 707080. 

Philippines: PHILIPS INDUSTRIAL DEV. INC., 

2246 Pasong Tamo, P.O. Box 911, Makati Comm. Centre, 
MAKATI-RIZAL 3116, Tel.(02)868951 to 59. 

Portugal: PHILIPS PORTUGUESA S.A.R.L., Av. Eng. Duarte 
Pacheco 6, 1009 LISBOA Codex, Tel. (019) 6831 21. 

Singapore: PHILIPS SINGAPORE, PTE LTD., Components Div., 
Lorong 1, Toa Payoh, SINGAPORE 1231, Tel.3502000. 

South Africa: S.A. PHILIPS PTY LTD., Components Division, 
JOHANNESBURG 2000, P.O. Box 7430. 

Spain: PHILIPS COMPONENTS, Balmes 22, 

08007 BARCELONA, Tel. (03) 301 63 12. 

Sweden: PHILIPS COMPONENTS, A.B., Tegeluddsvagen 1, 
S-11584 STOCKHOLM, Tel. (0)8-7821 000. 

Switzerland: PHILIPS A.G., Components Dept., 
Allmendstrasse 140-142, CH-8027 ZURICH, Tel. (01) 48822 11. 

Taiwan: PHILIPS TAIWAN LTD., 150 Tun Hua North Road, 

P.O. Box 22978, TAIPEI, Taiwan, Tel. (02)71 20500. 

Thailand: PHILIPS ELECTRICAL CO. OF THAILAND LTD., 

283 Silom Road, P.0. Box 961, BANGKOK, 
Tel. (02) 233-6330-9. 

Turkey: TURK PHILIPS TICARET A.S., Philips Components, 
Talatpasa Cad. No. 5, 80640 LEVENT/ISTANBUL, 

Tel. (01) 17927 70. 

United Kingdom: PHILIPS COMPONENTS LTD., 

Mullard House, Torrington Place, LONDON WC1E 7HD, 
Tel. (01) 5806633. 

United States: (Colour picture tubes — Monochrome & Colour 
Display Tubes) PHILIPS DISPLAY COMPONENTS COMPANY, 
1600 Huron Parkway, P.O. Box 963, ANN ARBOR, 
Michigan 48106, Tel.313/996-9400. 

(IC Products) SIGNETICS CORPORATION, 811 East Arques 
Avenue, SUNNYVALE, CA 94088-3409, Tel. (408)991-2000. 
(Passive Components, Discrete Semiconductors, Materials 
and Professional Components) PHILIPS COMPONENTS, 
Discrete Products Division, 2001 West Blue Heron Blvd., 
P.O. Box 10330, RIVIERA BEACH, Florida 33404, 

Tel. (407) 881-3200. 

Uruguay: PHILIPS COMPONENTS, Coronel Mora 433, 
MONTEVIDEO, Tel. (02) 70-4044. 

Venezuela: MAGNETICA S.A., Calle 6, Ed. Las Tres Jotas, 
CARACAS 1074A, App. Post. 78117, Tel.(02)241 7509. 

Zimbabwe: PHILIPS ELECTRICAL (PVT) LTD., 

62 Mutare Road, HARARE, P.O. Box 994, Tel.47211. 


For all other countries apply to: Philips Components Division, 
Strategic Accounts and International Sales, P.O. Box 218, 

5600 MD EINDHOVEN, The Netherlands, Telex 35000 phtcnl, 
Fax. 23753 
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